A previous systematic review involving U.S. Army soldiers as participants explored the risk factors for injury during basic combat training. It concluded that factors such as older age at recruitment, history of smoking, and a self-rated low level of physical activity translated to increased likelihood of injury among these trainees. 9 To the best of our knowledge, no systematic reviews have explored the relationship between physical fitness and injury risk in emergency responders.
The objective of this study is to systematically review existing literature that examines the relationship between physical fitness and the occurrence of work-related musculoskeletal injury in emergency responders including firefighters, police officers, and Emergency
Medical Services members (EMS)
. Existing studies will be described with the aim of identifying the strength of current knowledge, identifying gaps in knowledge, and making recommendations for future research. In addition, the association between different components of fitness (self-reported fitness, strength, flexibility, muscular, and aerobic endurance) and injury will be explored to determine to which of these factors influence the likelihood of future injury.
| MATERIALS AND METHODS

| Search strategy
A literature search was conducted on April 9, 2018 using databases including MEDLINE, SportDiscus, CINAHL, EMBASE, and Google Scholar. The following search terms were developed with the assistance of a research librarian and were used for the database search: firefighter, police, emergency responder, paramedic, EMS, injury, and fitness. An additional manual search was performed across the reference lists of selected articles that met the inclusion criteria.
| Inclusion criteria
Two independent reviewers (LL and JR) identified and selected original studies investigating the relationship between musculoskeletal injuries and fitness test scores/levels published in peer-reviewed journals with no specified limit for publication dates. Included studies had to meet the following specific inclusion criteria: (i) the study population was an occupational cohort including active emergency responders (firefighter, police, ambulance worker); (ii) the outcome or independent variable was musculoskeletal injury; (iii) temporality concerning fitness testing and injury had to be articulated with fitness testing occurring prior to injury; (iv) a measure of physical fitness was included; (v) the association between at least one physical fitness measure (including self-report of fitness level) and injury was analyzed; and (vi) the article was written in English.
| Study selection
Two reviewers (LL and JR) independently reviewed the title and abstract of the articles identified in the initial search to ascertain articles to be included for further assessment. Additional studies were included based on the search of article bibliographies. If there was no unanimous consensus on whether an article met inclusion criteria, a third author (DV) performed an assessment. Articles were excluded if temporality regarding the fitness testing in relation to the injury was either unclear or fitness testing occurred post-injury ( Figure 1 ).
| Assessment of study quality
Each of the selected studies were assessed for quality independently by the two reviewers (LL and JR) using the Newcastle-Ottawa quality assessment Scale (NOS) for cohort and case-control studies. This scale is designed for non-randomized studies and uses a star system to semiquantitatively assess study quality by assigning one star for each item;
participant selection, comparability of results, and quality of the outcome. Each category can be awarded up to three points and therefore the quality of studies could range from a low score of zero to a high score of nine. This scale was used to compare robustness of study methodologies to allow for a better interpretation of results and has been recommended by the Cochrane Collaboration. 10 
| Data extraction and synthesis
Information extracted from the relevant studies included in this review was entered into a Microsoft Word (2016, Windows) table for analysis.
Data extracted included: author, study design, fitness measures, injury definition/ascertainment, and major findings ( Table 1 ). The dependent variable was work-related musculoskeletal injury (MSI) and the independent variables were scores from fitness testing. Relevant fitness measures included self-reported fitness level, measured body fat percentage, flexibility, and estimated or measured maximal oxygen consumption. Information on injury occurrence including overall, overuse, and/or acute MSI was extracted from medical records, workers'. compensation claims, or self-report. Findings were qualitatively synthesized to determine the best evidence of association between injury risk and physical fitness. Injury incidence was recalculated for the nine studies that included a measure of incidence to reflect a consistent unit of time and to facilitate an easier comparison (Table 2) . Because of heterogeneous statistical designs between studies, a quantitative synthesis was not performed.
3 | RESULTS
| Included studies
The initial search yielded 209 records. One hundred and fifty-eight unique articles remained after removing duplicates. After full review, 11 articles met the inclusion criteria and were described in this review.
The level of agreement between raters, regarding included studies, was 100%. The participants of the incorporated studies include 1757 police officers (1190 recruits, 78 female), 4075 firefighters (614 trainees, 39 females), and 579 emergency medical technicians.
Females were excluded from several firefighter studies as they only account for 5% or less of the population. Other studies either had no females or did not report on sex (Table 2) .
Studies included 10 cohort and one matched case-control design with study follow-up periods ranging to 12 weeks to 9 years. Of the included studies that reported incidence of injury, the cumulative incidence rates per 100 workers ranged between 5.3 and 101.8 injuries per year. [11] [12] [13] Injuries were ascertained in various ways including self-report, workers' compensation claims, and surveillance records. The definition of injury was often general; being any injury meeting workers' compensation requirements.
Other studies defined an injury more specifically as any back injury, or a sprain, strain, or dislocation. Sprains, strains, and back injury were the most commonly reported injures. Statistical methods varied between studies. Some studies compared fitness scores or workers' compensation costs between groups to determine if there were statistically significant differences while in other studies regression models were developed to determine the relationships between fitness and injury.
| Study quality
The included studies scored between five and nine points on the Newcastle-Ottawa Scale (NOS) ( Table 1) . Points are awarded in regard to three components; selection, comparability, and outcome.
The 10 cohort studies were examined for the representativeness of the cohort, selection of the unexposed cohort, ascertainment of exposure, and demonstration that the outcome of interest was not there at the start of the study. Two studies had lower scores because self-reports were used as an assessment of outcome rather than data linkage or independent blind assessment. 14, 15 Three studies scored two points for comparability as multiple confounders were controlled for, 12, [14] [15] [16] [17] [18] [19] whereas three studies scored zero points as no confounders were controlled for. [19] [20] [21] The single case control study was evaluated regarding selection, comparability, and exposure. This study lost points for using self-reports for the ascertainment of exposure and case definition. 22 Overall, studies were deemed moderate to high in methodological quality as no study received less than five points.
| Factors related to musculoskeletal injury
Only one study examined factors associated with injuries to emergency medical technicians and this was limited to self-reported back injuries suffered within the previous year. No specific fitness measures were made in this case-control analysis, but the findings indicate that the odds of back problems were almost four times greater in those who felt their fitness was good or fair/poor compared to those who reported having excellent fitness prior to their injury.
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FIGURE 1
The PRIMSA diagram details our search and selection process applied during the review [Color figure can be viewed at wileyonlinelibrary.com] Firefighters tested for physical work capacity, job-related strength, and spine flexibility. Physical activity was evaluated by interview. Physiological measures were performed. Unclear definition-workers compensation claim.
At baseline current problems with back (12%), knee (6%), and other musculoskeletal areas (11%).
Of 1652 firefighters, 7% with low fitness experienced non-vehicular back injuries; 3% of those in the middle category and 1% in the high fitness category had back injuries Protection of the back was associated with better than average fitness in all five measures. The individuals with either greater flexibility of 6 (Continues) Unclear definition-injury reported during training.
For full-time recruits, a moderate positive correlation, with injury rates was found when a minimum cardiovascular fitness standard of 42 mL/kg/min. was not a recruiting requirement (r s = 0.32, P < 0.001).
Increasing age was found to be significantly correlated with reduced incidence of the outcome variables "restrictions" and "injury."
9 BMI, body mass index; FMS, functional movement screening; MSI, musculoskeletal injury.
Four studies looked at police officers. In the two studies that There were no significant differences in component fitness scores between females who filed a workers' compensation claim and those who did not.
Fitness level was determined through a composite score that included component test scores for body fat percentage, flexibility, situps, one maximal bench press repetition, and estimated maximal oxygen consumption. A composite score of 1 was considered the lowest score and 5 was the highest score possible. Officers who scored a 4 out of a possible of 5 had the greatest workers' compensation costs.
The least (score of 1) and most (score of 5) physically fit had the lowest workers' compensation costs. Of all fitness measures, cardiovascular fitness was the only individual measure that was associated with significant differences in workers' compensation costs with decreased cardiovascular fitness being associated with increased health costs. 23 This may indicate that police officers with lower cardiovascular fitness suffer less frequent but more serious injuries compared to their peers with greater cardiovascular fitness. Comparatively, firefighter trainees completed the Chester Step Test, a validated submaximal test for estimating maximal oxygen uptake. 16 One group required a maximal oxygen consumption value (VO 2max ) of at least 42 mL O 2 /kg/min to be recruited and the other group did not. A moderate positive Pearson correlation (r s = 0.32, P < 0.001) with injury rates was found, with those not passing the maximal VO 2max standard reporting an 8% (95% CI: 7.16%, 8.84%) increase in injuries reported during training. Advanced age was significantly correlated with a reduced incidence in injury and duty restrictions in this group.
Cardiovascular fitness and its association with injury risk was retrospectively examined in a group of career firefighters in Tucson,
Arizona from 2005 to 2009. 13 Maximal aerobic capacity was estimated using an incremental treadmill protocol. Statistically significant increases in incidence rate for all injuries, injuries sustained during exercise, and sprains and strains were observed with a decline in VO 2max . Firefighters with lower VO 2max levels were more likely to sustain an injury sooner than those who were more fit (median time to injury of 2.2 years compared to 4.1 years). The authors suggest that a VO 2max increase of 3.5 mL/kg/min would reduce the risk of injury by 14%. Age was a significant modifier of VO 2max with the risk of injury among those with decreased VO 2max being higher in firefighters younger than 30 than those 30 years of age or older.
The longest prospective study observed firefighters over 9 years with physiological testing done approximately every 3 years. 19 Injury was not clearly defined in this study but appeared to focus on back injuries ascertained through interviews and workers' compensation files. Fitness measures included a physical work capacity test specific to firefighting, muscular strength, flexibility, and cardiovascular heath but specific field tests were not identified. The results indicated a significant association between increased fitness scores and decreased back injury complaints. Over all, this study found that over 14 years, the implementation of a health promotion and physical fitness program decreased workers' compensation costs and back injury complaints. The association between obesity and injury incidence was investigated in another study involving career firefighters where workers' compensation files were reviewed. 14 Dislocations, sprains, and strains were classified as MSIs. Body composition was measured using bioelectric impedance, physical activity was assessed using the self-report of physical activity (SRPA) questionnaire, and torso strength and flexibility were also measured. No demographic, fitness, or health behavior measures were significant predictors of injury risk. The weak and sometimes conflicting associations found in the studies reviewed here could be due to several factors. First, the observation periods are vastly different between studies and it is possible that the shorter observation periods may not, in some cases, be long enough for an injury to occur. Trainees and incumbents have different tasks, task volumes, and task intensities. Trainees may often perform critical tasks repeatedly in a short training period in order to get their skills to the level required to partake in full duty. They may incur a minor MSI during training and not report it due to their desire to complete training and this may increase the potential for a more serious injury to occur once they are in the field. The increased injury incidence in incumbents may be a reflection of overuse injuries whereas training injuries may be more acute. Levels of fitness within the group may have little variance therefore making it more difficult to observe strong associations. With regard to workers' compensation, the number of claims and cost of injury cannot be compared directly as one indicates the incidence and the other the burden of injury.
Finally, four studies did not indicate the sex of the population. Within the fire service, the population is approximately 5% female. 12-14 Thus, females in three studies of firefighters were not analyzed due to either privacy or sample size concerns. Females account for approximately 20% of police officers and likely a greater proportion of emergency medical services personnel but this information was missing in the only EMT study and the two studies involving police recruits. This is a limitation of the existing research since males and females are physiologically different and physical fitness performance may not be comparable. In addition, males and females may have different injury profiles due to these differences in physiology.
| CONCLUSION
Literature examining the relationship between physical fitness test scores and the occurrence of work-related MSI in emergency responders is scarce. Only 11 studies were identified for this review, and police and emergency medical personnel lack representation.
Subsequently, evidence of relationships between many aspects of physical fitness and occupational injury is limited. There is evidence that increased aerobic (cardiovascular) fitness may have a protective effect against MSI but more research is needed. Future research should focus on individual components of fitness (flexibility, muscular strength, muscular endurance balance, and agility) both in isolation and as composite scores so that the relationships observed can be used to devise specialized fitness-training programs to reduce injury. It may be that there is an optimal level of fitness conducive to injury prevention.
In addition, more effort should also be put into testing the interaction of sex and fitness with regard to predicting injury.
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